This paper contributes in economic literature by investigating the impact of defense spending on income inequality in case of Iran using time series data over the period of 1971-2011. For this purpose, we have applied the ARDL bounds testing approach to cointegration for long run relationship in the presence of structural breaks arising in the series. The stationarity properties of the variables are tested using structural break unit root tests. The causal relationship between defense spending and income inequality is examined by employing the VECM Granger causality approach. Our findings validate the long run relationship between the series. The results indicate that defense spending improves income distribution in Iran. An inverted-U shaped relationship exists between defense spending and income inequality while economic growth reduces income inequality. The causality analysis reveals that defense spending Granger causes income inequality and feedback effect exists between income inequality and economic growth.
I. Introduction
This paper investigates the relationship between military spending and income inequality which is ignored in the existing literature focused on Iran. The existing defense economics literature on Iran provides some inconclusive evidence on military spending and income inequality nexus (Ali, 2007) . Meng et al. (2014) noted that the mechanism between defense spending and income inequality is quite complex. There are many factors that affect income inequality in the case of Iran but our attention is to provide a clear, rigorous and impartial study. The wages earned by labor employed in defense or defense related industries increases with an increase in defense spending. Wages will be increased during the inter-industry dispersion as rents paid by the industry to inelastic portion of personnel (working in defense industry) rises. On the contrary, if initial wages are high in defense or defense linked industries then relative wages will be low with the reduction in defense spending which leads to decline in income inequality. The efficiency wage theory asserts that workforce enjoys high wages in defense or defense related industries.
This implies that defense spending and income inequality are endogenous variables (Ali, 2003; Ali and Galbraith, 2007) . Furthermore, Opportunity Cost Burden Effect Model (OCBM) reveals a trade-off between increased defense spending and reduced spending on development projects that tends to increase income inequality in the society (Chaitanya, 2008) . It is documented that income inequality in the society is associated with low social and human development and rise in military spending on the cost of diminishing returns on social sector's development. The rapid increase in military expenditure leads to rise in total government spending also. In the long run, positive impact of government spending is nullified if productive resources of an economy are transferred for financial support of military spending. The downside to increase in military spending is that it forces the government to curtail spending on development projects (Chaitanya, 2008) . This shows that "cost of best alternative use (opportunity cost) is forgone by the country as it diverts development spending towards funding the defense sector growth requirement" (Chaitanya, 2008 ; pp. 3) 1 .
Geographically, Iran is located in the Middle East and has neighboring borders with Afghanistan and Iraq, on the Eastern and Western sides. Both these counties are mired by political instability, civil war and hostile atmosphere over the last decade. On the other hand, Iran has unfriendly military relations with US and its allies. This background assigns high importance to the role of defense spending in Iran despite the economy experiencing negative economic growth and high inflation in recent years. At the same time, the government is trying to reduce income inequality and has reformed the subsidy plans by targeting subsidies on food and energy. In this context, any study related to income inequality is relevant and important. Our results illustrate that high defense spending could reduce income inequality. Based on our finding, it seems that the sanctioned and war threatened economies could reduce the income inequality through increase in defense spending.
The main objective of present study is to examine the effect of defense spending on income distribution over the period of 1971-2011 in case of Iran. This is a pioneering effort investigating the relationship between military spending and income inequality by incorporating economic growth in inequality function in case of Iran. We apply structural break unit root tests to test stationarity properties of the variables 2 . We also utilize the ARDL bounds testing approach to 1 Chaitanya, (2008) has explained Opportunity Cost Burden Effect Model with help of diagram. 2 The results of all studies regarding unit root properties of the variables are biased. The traditional unit root tests do not have information regarding structural break stemming in the series. cointegration in the presence of structural breaks for long run relationship between the variables.
The ordinary least square (OLS) and error correction model (ECM) are used to analyze long run and short run dynamics between the series. The direction of causality between the variables is examined by applying the VECM Granger causality framework. Our findings report that cointegration between the variables exists for long run relationship in case of Iran. Military spending reduces income inequality while inverted-U shaped hypothesis between military spending and income inequality is validated. Economic growth reduces income inequality and there is bidirectional causality between economic growth and income inequality and military spending Granger causes income inequality.
The rest of the study is organized as following: section-II presents the review of literature, empirical model and estimations strategy is constructed in section-III, section-IV deals with results and their discussion, conclusion and policy implications are drawn in section-V.
II. Review of Literature
There are many studies based on the association between military spending and economic growth 3 , however, there is still dearth in the field of military spending and income inequality.
Gradtien et al. (2001) reported that democratization environment of political institutions causes
to improve income distribution. Further, they concluded that strong correlation between smooth functioning of democratic institution and higher wage rate decline income inequality. These results are supported by Lipset et al. (1993) ; Diamand, (1992) and Rodrik, (1999) . Dinardo et al. (1996) showed that de-unionization is an important factor to perk up wage inequality. There are numerous factors that affect wage structure in an economy like relative decentralization of wagesetting mechanism, institutional policies towards labour laws wage adjustment. Loony, (1990) determined the interaction between military/civilian regime and socio-economic performance.
The results indicated that LDCs have high defense burden because these nations have large proportion of budget spending on military needs. Similarly ; Melman, (1974) documented that high income inequality is the economic cost of permanent war. Income transfer programs and military spending on federal budget deficit has been discussed by Seiglie, (1997) for US economy. Seiglie reported that defense spending and budget deficits are linked positively.
Budget deficit is used to make income distribution more equal between black and white people.
Our interest is to explore the studies investigating the relationship between military spending and income inequality. indicates that military spending is main driver to increase income inequality. This study is the first effort to fill this gap regarding Iranian economy while investigating the relationship between military spending and income inequality.
III-Modeling, Methodological Framework and Data Collection
This study aims to investigate the linkage between defense spending and income inequality. Our model includes economic growth as an additional contributing factor towards income inequality and takes the following form:
Where t IE denotes income inequality, t D shows defense spending and t Y indicates economic growth. In order to curtail acuity in the data and achieve consistent and reliable results we have transformed the entire series into its log-linear specification using logarithm (Shahbaz, 2010 ).
The empirical model takes the following form:
, is natural log of income inequality proxied by Gini-coefficient,
is the natural log of defense spending per capita, t Y ln is natural log of economic growth proxied by real GDP per capita, and  is residual term having zero mean and finite variance. In order to test for the nonlinear relationship, the squared term of defense spending is added to the model which is as following: Historically, in order to test stationarity properties of the variables, unit root tests such as ADF Since traditional approaches to cointegration have certain demerits, we have used the autoregressive distributed lag model or the ARDL bounds testing approach to cointegration accommodating the structural break stemming in the series. The ARDL bounds testing approach to cointegration has certain merits like it is flexible regarding integrating order of the variables whether variables are found to be stationary at I(1) or I(0) or I(1) / I(0). In addition, Monte Carlo investigation confirms that this approach is better suited for small sample size (Pesaran and Shin, 1999) . Moreover, a dynamic unrestricted error correction model (UECM) can be derived from the ARDL bounds testing through a simple linear transformation. The UECM integrates the short run dynamics with the long run equilibrium without losing any information for the long run. The empirical equation of the ARDL bounds testing approach to cointegration is given below: 
against alternate hypothesis is 0 : The ARDL bounds testing approach can be used to estimate long run relationships between the variables. For instance, if there is cointegration in equation-4 where income inequality ( t IE ), defense spending ( t D ) and economic growth ( t Y ) are used as forcing variables then there is established long run relationship between the variables that can be molded in following equation
given below:
and t  is the error term supposed to be normally distributed. These long run estimates are computed using the ARDL bounds testing approach to cointegration when income inequality ( t IE ) treated dependent variables. This model can be further improved by including other dependent variables. On confirmation of long run relationship, it is important to find the direction of causality as below: 
where (1 ) L  denotes the difference operator and ECT t-1 denotes the lagged residual term generated from long run relationship, shows that defense spending Granger-causes income inequality and causality is running from income inequality to defense spending indicated
The study covers the period of 1971-2011. The data on real GDP per capita, real military spending per capita and Gini-coefficient (income inequality), has been sourced from world development indicators (CD-ROM, 2012). For income inequality (Gini-coefficient) data, we used observations for 1986, 1990, 1994, 1998 and 2005 . We have used extrapolation method to generate the time series data from 1971-2011 following Jamal, (2006) . The graphical presentation of three variables is shown in Figure-1 . shows that the variables are integrated at I (1) . The main problem is that ADF and PP unit root tests have low explanatory power and null hypothesis is rejected when it is true and vice versa.
Furthermore, these unit root tests do not accommodate information about break points in the series which may also be a cause of unit root problem in the series. The computation of the ARDL F-statistic is sensitive with lag order selection of the variables.
So, it is necessary to choose appropriate lag order of the variables by applying unrestricted vector autoregressive (VAR). Our results reveal that lag order 1 is appropriate confirmed by sequential modified LR test statistic (LR), final prediction error (FPE), Akaike information criterion (AIC), Schwarz information criterion (SC) and Hannan-Quinn information criterion (HQ) method.
Based on selected lag length 4 i.e. 1, we have applied the ARDL bounds testing approach to cointegration in the presence of structural breaks in the series. The structural break point in the series is indicated in 2 nd row of ) and economic growth ( t Y ln ) as dependent variables. We could not reject the hypothesis of no cointegration as we used defense spending ( t D ln ) as dependent variable. This confirms the presence of two cointegrating vectors which show that there is a long-run relationship among defense spending, economic growth and income inequality over the period of 1971-2011 in the case of Iran. 4 Results are available upon request from authors. 5 We put dummy variable to capture the impact of structural breaks indicated by Zivot and Andrews (1992) unit root test. for Resay Reset test.
The short-run dynamics are investigated by applying the error correction model (ECM). Table-6 illustrates the results of both linear and nonlinear models. The linear model shows that defense spending has positive impact on income inequality but it is statistically insignificant. The positive effect of economic growth is found on income inequality and significant at 5 percent. ECM coefficients are significant with negative sign for income inequality and economic growth equations. It reveals that the shock exposed by system converging to long run equilibrium path at a higher speed for income inequality (-0.5095) as compared to adjustment speed of economic growth (-0.1785).
The causality analysis reveals that in long run, defense spending Granger causes income Note: *, ** and *** show significance at 1, 5 and 10 per cent levels respectively.
The bidirectional causality exists between income inequality and defense spending in short run.
In short run, unidirectional causal relationship is found running from income inequality to economic growth. Furthermore, our results validated the existence of inverted-U shaped relationship between defense spending and income inequality as both linear and nonlinear terms of defense spending Granger cause income inequality in short run as well as long run.
V-Conclusion and Policy Implications
This paper has assessed the relationship between defense spending and income inequality in Iran using annual data over the period of 1971-2011. In doing so, the ARDL bound testing approach to cointegration in the presence of structural break is applied after confirming integrating order of the variables by using structural break unit root test. Our cointegration analysis shows that there is a long run relationship between defense spending, economic growth and income inequality. Furthermore, defense spending improves income distribution in Iran. An inverted-U shaped relationship between defense spending and income inequality also exists. Economic growth increases income inequality. The causality analysis points out that military spending Granger causes income distribution. This confirmed the existence of an inverted-U shaped relationship between defense spending and income inequality. The feedback hypothesis is validated between economic growth and income inequality.
With the notice to the negative effects of defense spending on income inequality, it seems that in Iran defense sector is much more attractive for people belonging to low income groups in comparison with people in high income groups. The negative relationship between defense spending and income inequality in Iran can have multiple explanations. Ali (2012) suggests that "the military establishment in MENA (including Iran) countries is entrenched in all aspect of the society and it is complicated to parse-out the efficient from the inefficient allocations of the societal resources". Other possible interpretation could be that the equity value of military industrialization more than offset the expense of inefficient allocation of resources hence the negative impact of military expenditure on income inequality. Also this negative relationship could be indicative of attempts by governments to consolidate their power by providing more subsidies and social programs while on the other hand they increase military expenditures. This study can be augmented by adding other factors of income inequality while investigating the impact of military spending on income inequality. These potential variables are welfare, political regimes, democracy, globalization, foreign direct investment etc. The state-level analysis between military spending and income inequality (state-level) is necessary to understand the dynamics of the relationship between both variables for designing a comprehensive defence and economic policies to achieve sustainable economic development in Iran.
